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ABSTRACT: This study examined the relationship between blood
pressure, peripheral blood flow (PBF), and peripheral fractional
oxygen extraction (FOE). Variables that may influence PBF and
peripheral FOE were also measured. Measurements of PBF by
near infrared spectroscopy and fractional shortening by echocar-
diography were made within 12 h of birth in 24 infants less than
32 wk gestation. Blood gases, Hb, temperature, and blood pres-
sure were also measured. PBF was significantly correlated with
fractional shortening (r � 0.56, p � 0.005), PO2 (r � �0.5, p �
0.01), and peripheral temperature (r � 0.52, p � 0.01). Peripheral
FOE was significantly correlated with fractional shortening (r �
�0.48, p � 0.02), PO2 (r � 0.52, p � 0.02), and PCO2 (r � �0.53,
p � 0.008), but not with peripheral temperature. There was no
significant correlation between blood pressure and either PBF or
peripheral FOE. These results indicate the importance of several
physiologic variables, but not blood pressure, in determining periph-
eral tissue oxygen delivery in sick preterm infants receiving
intensive care. It adds weight to the idea that blood pressure
should not be considered a surrogate for peripheral blood flow and
oxygen delivery. (Pediatr Res 65: 462–467, 2009)

Adequate blood flow and oxygen delivery to the peripheral
tissues of a sick, newborn infant is a sine qua non of

neonatal intensive care. The adequacy of tissue oxygen deliv-
ery is difficult to measure directly, and thus it is usual to
measure surrogate variables that may be related to tissue
oxygen availability and are more amenable to continuous
monitoring, such as arterial oxygen saturation and arterial
blood pressure.
Peripheral oxygen delivery is determined by peripheral

blood flow (PBF) and arterial oxygen content. PBF is related
to vascular resistance and blood pressure, which in turn
depends on cardiac function; arterial oxygen content depends
on the blood Hb concentration and arterial PO2.
As blood flow is related to vascular resistance and blood

pressure, there are a number of other factors that may influ-
ence blood flow and thus oxygen delivery to the peripheral
tissues. These include blood gases, peripheral temperature,
arterial Hb concentration, and cardiac function. During the
first few hours after birth, which is a period of great instability
for the critically ill preterm infant when blood pressure, left

ventricular output and systemic blood flow are all low (1–3),
PBF and thus oxygen delivery may be inadequate.
Peripheral fractional oxygen extraction (FOE), the ratio of

oxygen consumption to oxygen delivery (4), gives information
on the adequacy of tissue oxygenation. Raised FOE most
likely represents decreased oxygen delivery, which may be
due to reduced blood flow (poor perfusion) or reduced arterial
oxygen content (hypoxaemia).
This study explored the relationships between physiologic

variables and both PBF and peripheral FOE during the first
12 h after birth in a group of sick, ventilated, very low birth
weight infants. The hypothesis tested was that PBF and periph-
eral FOE were correlated with mean arterial blood pressure.

METHODS AND SUBJECTS

The study was approved by the Liverpool Children’s Regional Ethics
Committee. Informed consent was obtained from the parents before making
any measurements.1

All infants were delivered at less than 32 wk of gestation and were of birth
weight below 1500 g. All infants had an umbilical arterial catheter for
continuous blood pressure monitoring and intermittent blood sampling, and
were receiving conventional mechanical ventilation. During the period over
which this study was carried out there were 26 consecutive admissions to the
neonatal intensive care unit of infants meeting all the eligibility criteria; of
these two parents refused consent and therefore 24 infants were studied. All
measurements were made within the first 12 h after birth.

PBF and FOE measurement. Both PBF and peripheral FOE were
measured using a complete peripheral venous occlusion technique, with
measurement of changes in oxygenated and deoxygenated Hb (HbO and
Hb) concentration made using near infrared spectroscopy (Hammamatsu
NIRO 500, Hammamatsu UK). Transmitting and receiving near infrared
optodes were secured to the anterior and posterior aspects of the upper part
of the right forearm, and the inter-optode distance was measured using
calipers. All inter-optode distances were between 1.0 and 1.5 cm, the
distance being limited by the size of the forearm. The differential path
length factor used was 3.59, a figure generated by time of flight measure-
ment of the adult forearm (5). Light was excluded using an occlusive
blanket. The near infrared spectroscope locked in a set level of laser
activity, which resulted in an arbitrary baseline, against which relative
changes could be measured. The spectroscope recorded the quantity of
near infrared photons reaching the receiving optode every 0.5 s. The
arterial oxygen saturation was measured using a pulse oximeter (Datex,
Finland), with the probe located on the right hand. The pulse oximeter
generated a saturation reading every 0.5 s at the same time as measure-
ments were made by the near infrared spectroscope. Both the oximetry and
near infrared data were collected in real-time and stored on a laptop
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computer for later analysis. The mean arterial oxygen Hb saturation (SaO2)
for the 5 s immediately preceding the peripheral venous occlusion was
taken as the value for SaO2.

Once the infant was settled, after 5 s to obtain a suitably steady baseline,
a peripheral venous occlusion was performed using a sphygmomanometer
cuff inflated to below diastolic arterial blood pressure. The typical mean
central venous pressure in very low birth weight infants is 5 mm Hg (6), and
a cuff pressure of 10 mm Hg was sufficient. Inadvertent arterial occlusion was
avoided by observing the spectroscope signal, the invasive diastolic blood
pressure value, and the saturation wave form. Five measurements, taken
consecutively once steady baseline was again achieved, were made.

PBF was calculated from peripheral Hb flow, measured using near
infrared spectroscopy. The total venous occlusion caused pooling of
venous blood and a consequent rise in the amount of venous Hb present in
the field of study. The change in total Hb (HbT), which is the sum of the
changes in oxygenated and deoxygenated Hb as measured by spectros-
copy, is related to peripheral Hb flow as follows:

PHbF � �HbT/t

where PHbF is peripheral Hb flow, �HbT is the change in total (oxygen-
ated � deoxygenated) Hb, and t is the elapsed time.

Peripheral Hb flow was determined from the slope of the line that resulted
from plotting �HbT against time. The mean of the five measurements was
taken as the final value. This technique has been compared with measurement
of Hb flow by plethysmography in human adults, with good correlation (r �
0.94) between the two methods (7).

PBF was then calculated from the peripheral Hb flow data as follows:

PBF � 0.0645 � PHbF/Hb

where PBF is peripheral blood flow. The calculation of PBF involves a
constant (0.0645), which incorporates the molecular weight of Hb and con-
version into mL/100 mL/min. PHbF is peripheral Hb flow, measured by near
infrared spectroscopy, measured in �mol/100 mL/min. Hb is arterial Hb concen-
tration, determined by laboratory analysis, measured in g/dL.

Peripheral FOE was calculated from peripheral venous saturation,
which was also measured using the complete peripheral venous occlusion
technique. For each of the 10 subsequent half-second intervals immedi-
ately after the venous occlusion, the change in oxygenated Hb (�HbO) and
deoxygenated Hb (�Hb) that resulted from the pooling of venous blood
was calculated. This technique has been shown to be preferable to using
�HbO and �Hb at the peak of the curve, or to calculating area under the
curve (8). Measurements were only accepted if there was a preceding
steady baseline for both oxygenated and deoxygenated Hb, followed by a
rise in both during the venous occlusion, with both returning to the
preexisting baseline immediately after the compression. The mean of 10
readings of �HbO and �Hb were used to calculate peripheral venous
saturation, using the equation:

SvO2 � �HbO/(�HbO � �Hb)

where SvO2 is the peripheral venous oxygen saturation, �HbO is the mean
change in oxygenated Hb over the 5 s after venous occlusion, and �Hb is the
mean change in deoxygenated Hb over the 5 s after venous occlusion.

As was done for PBF, the mean of the five measurements was taken as the
final value of peripheral venous oxygen saturation.

Peripheral FOE was then calculated from the venous saturation data as
follows:

FOE � (SaO2 � SvO2)/SaO2

where FOE is peripheral fractional oxygen extraction, SaO2 is arterial oxygen
Hb saturation, measured at the right hand by pulse oximetry, and SvO2 is
peripheral venous oxygen Hb saturation, measured by near infrared spectros-
copy and venous occlusion.

Echocardiographic measurement of endocardial fractional shortening. The
shortening fraction was measured by echocardiography (Vingmed CFM
725 ultrasound scanner, Vingmed, Norway) with a 7.5 MHz probe (GE
Ultrasound, USA). Fractional shortening was assessed by a standard
technique (9), using M-mode echocardiography and a parasternal long axis
window. Measurements of left ventricular diameter at the end of diastole
and end of systole were made, commencing immediately after cessation of
the near infrared measurements. The fractional shortening was calculated
using the formula:

FS � (LVEDD � LVESD)/LVEDD � 100

where FS is endocardial fractional shortening, LVEDD is left ventricular
diameter at the end of diastole, and LVESD is left ventricular diameter at the
end of systole.

The measurement was repeated three times, and the mean of the three
readings taken as the final value for endocardial fractional shortening.

Measurement of other variables. All infants had an indwelling arterial
catheter for continuous blood pressure monitoring. Arterial blood samples
were taken for blood gas measurement after completion of the near infrared
and echocardiographic studies. Peripheral temperature was measured using a
skin probe attached to the sole of the foot.

Statistics. Data were analyzed using SPSS version 11.0.0 (SPSS, USA).
Data were generally summarized as mean � SD, or median (interquartile
range) when the data did not demonstrate a normal distribution. Normality of
data were ascertained using histogram plots and Shapiro-Wilk test. Variables
tested for their relationship to PBF were blood pressure, FS, peripheral
temperature, PO2 (PaO2), and PCO2 (PaCO2), but not Hb as this variable was
used to calculate PBF. Variables tested for their relationship to peripheral
FOE were blood pressure, FS, peripheral temperature, PaO2, Hb, and PaCO2.
Variables related to PBF and peripheral FOE were ascertained by multivariate
analysis, looking for the most statistically significant model that explained
most of the variation in the dependent. All variables were entered into the
model, and then removed at a significance level of p � 0.1. The relationships
were further examined using Pearson correlation coefficients, taking p � 0.05
as significant.

RESULTS

Measurements. All 24 infants had successful measurements
of peripheral Hb flow and SvO2, permitting calculation of
values for PBF and peripheral FOE in all infants. Of the 24
infants, two were receiving i.v. inotropic support at the time of
measurement; these infants had similar values of PBF and
oxygen extraction to the other infants in the study, and they
were therefore included in the analysis.
The demographic details are summarized in Table 1 The

summary data for PBF, peripheral FOE and other measured
variables are given in Table 2.
Multiple linear regression. Linear regression analyses to

examine the determinants of PBF and peripheral FOE were
performed separately.

Table 1. Demographic details for 24 infants studied

Gestation (w) 26 (23–29)
Birth weight (g) 892 (452–1358)
Male gender 62%
Age at time of study (h) 8 (2–12)
CRIB score 4 (1–13)

All data are presented as median (range) except gender, which is presented
as percentage of infants who were male.
CRIB, Clinical Risk Index for Babies.

Table 2. Summary results for 24 infants studied

Peripheral temperature (°C) 35.9 � 1.0
Endocardial fractional
shortening (%)

20.8 � 6.6

Mean arterial blood
pressure (mm Hg)

40 � 8

Haemoglobin concentration
(g/dL)

16.3 (15.2–18.1)

Arterial PaO2 (mm Hg) 53.1 � 12.7
Arterial PaCO2 (mm Hg) 40.0 � 9.0
PFOE 0.27 � 0.06
PBF (mL/100 mL/min) 6.0 (3.7–11.9)

Most data are presented as mean � standard deviation, except hemoglobin
concentration and PBF (non-normally distributed data, presented as median
with interquartile range).
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The best model for PBF involved only peripheral temper-
ature, endocardial fractional shortening, and arterial PO2

(PaO2) (R
2 � 0.66, p � 0.0002). This model is summarized in

Table 3.
The best model for peripheral FOE involved only endocar-

dial fractional shortening, PaO2, arterial PCO2 (PaCO2) and
arterial Hb concentration (R2 � 0.70, p � 0.0003). This model
is summarized in Table 4.
Mean arterial blood pressure. Blood pressure was not

implicated in either multiple linear regression or bivariate
analyses. The relationships between both PBF and peripheral
FOE and mean arterial blood pressure are presented in Figure
1. There was no significant correlation between mean arterial
blood pressure and either PBF (r � �0.30, n � 24, p � NS)
or peripheral FOE (r � 0.06, n � 24, p � NS).
Endocardial fractional shortening. Endocardial fractional

shortening was implicated in both multiple linear regres-
sions. The relationships between both PBF and peripheral
FOE and endocardial fractional shortening are presented in
Figure 2. There was a significant positive correlation be-

tween fractional shortening and PBF (r � 0.56, n � 23, p �
0.005), and a significant negative correlation between frac-
tional shortening and peripheral FOE (r � �0.48, n � 23,
p � 0.02).
Blood gases: PaCO2 and PaO2. Blood gases were implicated

in both multiple linear regressions. The relationships between
both PBF and peripheral FOE and PaCO2 are presented in
Figure 3. There was no significant correlation between PaCO2
and PBF (r � 0.15, n � 24, p � NS), although there was a
significant negative correlation between PaCO2 and peripheral
FOE (r � �0.53, n � 24, p � 0.008).
The relationships between both PBF and peripheral FOE

and PaO2 are presented in Figure 4. There was a significant
negative correlation between PBF and PaO2 (r � �0.50, n �
24, p � 0.01) and a significant positive correlation between
peripheral FOE and PaO2 (r � 0.52, n � 24, p � 0.02).

Figure 1. Peripheral blood flow and fractional oxygen extraction plotted
against mean arterial blood pressure. There were no significant correlations
between blood pressure and either PBF (r � �0.30, n � 24, p � NS) or
peripheral FOE (r � 0.06, n � 24, p � NS).

Figure 2. Peripheral blood flow and fractional oxygen extraction plotted
against endocardial fractional shortening. There were significant correlations
between endocardial fractional shortening and both peripheral blood flow
(r � 0.56, n � 23, p � 0.005) and peripheral fractional oxygen extraction
(r � �0.48, n � 23, p � 0.02).

Figure 3. Peripheral blood flow and fractional oxygen extraction plotted
against arterial PCO2 (PaCO2). There was a significant correlation between
PaCO2 and peripheral fractional oxygen extraction (r � �0.53, n � 24, p �
0.008), but not between PaCO2 and peripheral blood flow (r � 0.15, n � 24,
p � NS).

Table 3. Summary of the most significant model, as demonstrated
by the significance of the F statistic, for determining peripheral

blood flow

Linear regression for PBF

R2 F Statistic Significance

0.66 11.5 0.0002

Unstandardized
coefficients

B Std error t Statistic Significance

Constant �74.8 30.9 �2.4 0.026
Peripheral temperature 2.4 0.9 2.8 0.012
Fractional shortening 0.4 0.1 3.0 0.007
PaO2 �0.2 0.1 �3.2 0.005

The amount of variation in the dependent variable explained by the model
is indicated by R2. Variables tested for their relationship to PBF were
peripheral temperature, fractional shortening, PaO2, PaCO2, and blood pres-
sure. The t statistics indicated that the three included variables had compa-
rable effects in determining the variation in the dependent variable.

Table 4. Summary of the most significant model, as demonstrated by
the significance of the F statistic, for determining peripheral FOE

Linear regression for peripheral FOE

R2 F Statistic Significance

0.69 9.8 0.0003

Unstandardized coefficients

B Std error t Statistic Significance

Constant 0.41 0.083 4.9 0.0001
Hemoglobin �0.005 0.003 �1.9 0.077
Fractional shortening �0.003 0.001 �2.2 0.044
PaCO2 �0.003 0.001 �2.6 0.022
PaO2 0.003 0.001 3.7 0.002

The amount of variation in the dependent variable explained by the model
is indicated by R2. Variables tested for their relationship to peripheral FOE
were Hb, fractional shortening, PaCO2, PaO2, peripheral temperature, and
blood pressure. The t statistics indicated that the first three included variables
had broadly comparable effects in determining the variation in the dependent
variable, and that PaO2 had a stronger effect and operated in the opposite
direction to the other three.
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Peripheral temperature. Temperature was implicated in the
analysis to determine the variables influencing PBF. The
relationships between both PBF and peripheral FOE and
peripheral temperature are presented in Figure 5. There was a
significant positive correlation between peripheral tempera-
ture and PBF (r � 0.52, n � 23, p � 0.01), but no significant
correlation between peripheral temperature and peripheral
FOE (r � �0.18. n � 23, p � NS).
Arterial Hb concentration. The Hb concentration was im-

plicated in the analysis to determine the variables influencing
peripheral FOE. It was not included in the analysis to deter-
mine the variables influencing PBF. There was no significant
correlation between either PBF or peripheral FOE and arterial
Hb concentration.

DISCUSSION

The principal aim of this study was to examine the rela-
tionship between mean arterial blood pressure and two mea-
sures of perfusion and oxygenation in the peripheral tissues,
these being PBF and FOE. In addition, other variables that
may potentially influence PBF and peripheral FOE were also
studied.
In this group of 24 sick, ventilated, very low birth weight

preterm infants, there was no relationship between mean
arterial blood pressure and either PBF or peripheral FOE (Fig.
1) during the first few hours after birth. It is noteworthy that
there was a significant association between fractional short-
ening and both PBF and peripheral FOE. It is likely that these
findings reflect the relationship between blood pressure, blood
flow, and vascular resistance. Vascular resistance is increased

by peripheral vasoconstriction, which is an important physio-
logic mechanism for the maintenance of arterial blood pres-
sure and central blood flow to essential organs such as the
brain and heart in a variety of situations, such as low cardiac
output. Vasoconstriction would cause reduced PBF and oxy-
gen delivery, which are detectable using near infrared spec-
troscopy. Hence, variables related to cardiac output, such as
fractional shortening, would be expected to demonstrate a
positive correlation with PBF, as demonstrated in this group of
infants (Fig. 2).
When PBF is decreased there will naturally follow a reduc-

tion in peripheral oxygen delivery. If the peripheral tissue
metabolic rate and thus oxygen consumption is preserved in
the face of reduced PBF, there must be a corresponding
increase in peripheral FOE. In this case, there would be a
negative correlation between fractional shortening and periph-
eral FOE, as demonstrated in this group (Fig. 2).
Although in this study fractional shortening was used as a

measure of cardiac function, this method has its limitations.
The circulation of the newborn infant undergoes a transition
from right to left ventricular dominance during the days after
birth. Right and left ventricular outputs change significantly
during this period, and left ventricular output is affected by
ductal shunting (3,10). During this time fractional shortening
does not change significantly suggesting that adaptive changes
and the reduction in ductal shunt have less of an effect on this
measurement than on others, such as measurements of cardiac
output. Nevertheless, fractional shortening is influenced by
preload and afterload, and may thus be influenced by other
aspects of neonatal intensive care, such as fluid management,
inotropes or ventilation strategies. Some, but not all, of these
problems would have been circumvented by an alternative
assessment of cardiac function or systemic blood flow, such as
right ventricular output or superior vena cava flow (3,11).
Variables other than fractional shortening also demon-

strated significant associations with PBF and peripheral FOE,
e.g. blood gases as shown in Figures 3 and 4. There was a
strong negative correlation between PaCO2 and peripheral FOE
(Fig. 3). A likely explanation is through the potent vasodilat-
ing effect of PaCO2. This effect has been demonstrated in both
the cerebral and peripheral circulations of animals and humans
(12–14), and it seems to operate even in the very immature
human. This explanation implies that peripheral FOE de-
creased with increased PaCO2 because of increased peripheral
oxygen delivery, a likely consequence of increased blood flow
because of vasodilatation.
An unexpected finding was that there was no relationship

between PaCO2 and PBF (Fig. 3). Inspection of the two panels
of Figure 3 shows that some infants with higher values of
PaCO2 had low rather than high blood flow, despite the fact that
all infants with higher values of PaCO2 had lower levels of
peripheral FOE. This suggested that increased blood flow, and
consequent increased oxygen delivery, was not the explana-
tion for the low peripheral FOE observed in these infants. As
peripheral FOE is the ratio of oxygen consumption to oxygen
delivery, the low peripheral FOE in these infants may have
been due to reduced oxygen consumption rather than to
increased blood flow and oxygen delivery in at least some of

Figure 4. Peripheral blood flow and fractional oxygen extraction plotted
against arterial PO2. There were significant correlations between PaO2 and both
peripheral blood flow (r � �0.50, n � 24, p � 0.01) and peripheral fractional
oxygen extraction (r � 0.52, n � 24, p � 0.02).

Figure 5. Peripheral blood flow and fractional oxygen extraction plotted
against peripheral temperature. There was a significant correlation between
peripheral temperature and peripheral blood flow (r � 0.52, n � 23, p �
0.01), but not between peripheral temperature and peripheral fractional oxy-
gen extraction (r � �0.18, n � 23, p � NS).
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the infants. The negative correlation between PaCO2 and pe-
ripheral FOE, in the absence of any demonstrated relationship
between PaCO2 and PBF, implies that PaCO2 and peripheral
oxygen consumption were directly related.
It has long been known that active hyperventilation in-

creases the total body consumption of oxygen in animals, even
in passively hyperventilated dogs where there is no increase in
the work of breathing (15,16). This relationship also exists in
humans, as demonstrated by measurements in adults under-
going cardiopulmonary bypass, which indicated that increased
PaCO2 had an inverse effect upon the oxygen consumption of
peripheral tissues (17). This negative correlation has also been
demonstrated in a study of peripheral oxygen consumption in
ventilated infants recovering from cardiac surgery (18).
There are two possible mechanisms for the relationship be-

tween PaCO2 and oxygen consumption that we have demon-
strated. First, there may be a direct effect of carbon dioxide on
utilization of oxygen at the cellular level. It might be that high
PaCO2 levels in this group of sick infants caused cellular acidosis
with consequently diminished metabolism and decreased oxygen
consumption. Second, it is also plausible that there was redistri-
bution of blood flow to other vascular beds. As there was no
significant correlation between PaCO2 and PBF this second ex-
planation cannot be solely responsible for our findings, but it
remains possible that altered blood flow played some part.
The effect of PaO2 was more consistent than that of PaCO2

(Fig. 4). There was a significant negative correlation between
PaO2 and PBF, suggesting that infants with high PaO2 have
reduced peripheral perfusion, and the positive correlation
between PaO2 and peripheral FOE would be in keeping with
this. This finding is in keeping with known data concerning
the responsiveness of vascular beds to PaO2; oxygen has a
potent effect on vascular tone, causing most vascular beds,
such as the cerebral circulation and the ductus arteriosus, to
vasoconstrict, but other vessels, notably the pulmonary vas-
cular bed, to vasodilate. PaO2 has been proposed as a local
regulator of peripheral tissue perfusion, by virtue of its direct
effect on the peripheral microvasculature (19). Studies in an
acute hemorrhage model in the rat have demonstrated that
administration of oxygen increases peripheral vascular resis-
tance without influencing renal or splanchnic perfusion, and
improves blood pressure (20,21). These findings suggest that
oxygen has a marked effect on vascular tone, sufficient to
produce clinically relevant changes in this rat model of hem-
orrhage. Our study appears to indicate that oxygen has a
similar effect in the sick, immature, ventilated human infant.
The mechanism by which oxygen induces these changes is

not clear. A model whereby precapillary metarterioles, vessels
sensitive to changes in arterial PaO2, control the perfusion of
downstream capillaries, might explain our findings. In this
model, these vessels respond to an increase in PaO2 by de-
creasing functional capillary density by redistribution of cap-
illary blood flow, possibly through high-flow capillaries (22).
Thus, high values for PaO2 could be associated with reduced
tissue blood flow at the microvascular level, and a correspond-
ing increase in peripheral oxygen extraction, both detectable
using near infrared spectroscopy, as demonstrated in this
study. Nevertheless, this hypothesis does not explain the exact

mechanism by which oxygen may induce vasoconstriction.
One plausible mechanism involves the neutralization of nitric
oxide, a potent endogenous vasodilator, by reactive oxygen
species (20). Some evidence for this hypothesis comes from
studies that demonstrate reduced vascular tone when levels of
reactive oxygen species are reduced (23).
Peripheral temperature was also implicated in the determina-

tion of peripheral tissue oxygenation. Temperature exhibited a
significant positive correlation with PBF but not peripheral FOE
(Fig. 5). The relationship with PBF suggested that as the periph-
eries became cooler, blood flow and thus oxygen delivery would
decrease. The absence of any correlation between peripheral
temperature and peripheral FOE would be expected if there was
a corresponding reduction in metabolic activity and thus also
oxygen consumption, as described in term infants during limb
cooling (24). Both oxygen consumption and oxygen delivery
would be decreased, and peripheral FOE, the ratio of the two,
would remain unchanged, as observed in this study. The results
presented here confirm the important influence of temperature on
the clinical status of sick and very immature infants.
The study also examined the effect of blood Hb concentration,

although the analysis could not be as exhaustive as with other
variables, as the formula for calculating PBF included both Hb
flow and the arterial Hb concentration, and thus the inclusion of
Hb in the multivariate analysis would have been inappropriate.
Although bivariate analysis did not demonstrate a significant
correlation between PBF and Hb concentration, when it was
included in the multivariate analysis for peripheral FOE, Hb
concentration was a significant determinant. This might be ex-
pected as Hb has an obvious role in the delivery of oxygen.
This study has demonstrated the complexity of peripheral

tissue oxygenation, with cardiac function, blood gases, Hb,
and peripheral temperature all playing a part in determining
blood flow and oxygen extraction in the sick, preterm infant.
Other factors such as the administration of vasoactive medi-
cations or ventilation strategy may also play a role, although
these factors were not examined in this study. Clinicians need
to bear this complexity in mind. Blood pressure did not appear
to be important, and thus this study adds to the weight of
evidence that indicates that this is a poor surrogate measure-
ment for the adequacy of oxygen delivery to the peripheral
tissues. Direct measurement of PBF or tissue metabolism
using near infrared spectroscopy would probably give more
useful information. Nevertheless, although these measure-
ments have been validated against blood co-oximetry in hu-
man adults (25) and infants (26), they can only be made
intermittently by a trained operator and are thus not appropri-
ate for general clinical use. Further research is needed to find
other better measures of peripheral perfusion and oxygenation
which may be easily and continuously monitored, and which
could this be more useful in a clinical setting.
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